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(57) ABSTRACT 

In an automotive milling machine, comprising a machine 
frame, comprising a controller for the travelling and milling 
operation, comprising a working drum, comprising a trans 
port conveyor slewable relative to the machine frame, where 
the transport conveyor discharges the milled material onto a 
point of impingement on a loading Surface of different trans 
port vehicles, where the controller comprises a detection and 
control unit which monitors the alterable position of the load 
ing Surface of the transport vehicle by an image-recording 
system comprising no less than one sensor which continu 
ously generates no less than one digital image of, as a mini 
mum, the loading Surface, it is provided for the following 
features to be achieved: the detection and control unit com 
prises an analysis device which detects faults or errors in the 
image generated by the no less than one sensor. 
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AUTOMOTIVE MILLING MACHINE, AS 
WELL AS METHOD FOR DISCHARGING 

MILLED MATERAL 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The invention relates to an automotive milling 
machine, as well as a method for discharging milled material, 
and a road or ground working unit. 
0003 2. Description of the Prior Art 
0004. With an automotive milling machine, it is known to 
discharge the milled material onto no less than one transport 
vehicle comprising a loading Surface. 
0005. The milling machine comprises a controller for the 
travelling and milling operation, as well as a working drum 
for the milling of, for example, a road pavement. A transport 
conveyor device, for example, a transport conveyor device 
comprising no less than one transport conveyor, is present in 
front of or behind the working drum as seen in the direction of 
travel. The transport conveyor device comprises a discharge 
end at which the milled material is discharged onto the load 
ing Surface of the no less than one transport vehicle via a flight 
path in the form of a parabolic trajectory attributable to the 
conveying speed. The last or single transport conveyor of the 
transport conveyor device as seen in the direction of transport 
may be slewed sideways, relative to the longitudinal axis of 
the milling machine, under a specifiable slewing angle to the 
left or right and may be adjustable in height via a specifiable 
elevation angle. In addition, the conveying speed of the trans 
port conveyor may be adjustable. 
0006. In practical operation, problems arise in coordinat 
ing the milling machine with the transport vehicle. 
0007. With a forward-loading milling machine, for 
example, the milled material is discharged towards the front 
onto the transport vehicle driving ahead. The operator of the 
milling machine needs to signal to the vehicle driver of the 
transport vehicle as to when the transport vehicle is to con 
tinue moving forward and when it is to stop. This leads to 
problems because the operator basically needs to concentrate 
on the milling process and at the same time needs to avoid a 
collision with the transport vehicle driving ahead. 
0008. An additional problem lies in the fact that the opera 
tor of the milling machine also needs to deal with loading the 
loading Surface by adjusting the slewing angle, elevation 
angle and conveying speed of the last or single transport 
conveyor of the transport conveyor device as seen in the 
direction of transport and is thus distracted from his actual 
task of carrying out the milling operation. 
0009. In case of a rearward-loading milling machine, 
problems also arise in coordinating the milling machine with 
the transport vehicle especially as the transport vehicle needs 
to drive behind the milling machine in reverse travel. An even 
higher level of stress results for the operator of the milling 
machine as he needs to control the milling operation in for 
ward travel on the one hand, and needs to monitor loading of 
the transport vehicle behind the milling machine as seen in the 
direction of travel, needs to control the slewing angle, eleva 
tion angle and/or conveying speed of the transport conveyor 
device, and needs to communicate the necessary information 
to the vehicle driver on the other. 
0010. It is known from DE 10 2012 215 013 A (US 2015/ 
02 18762) for a detection and control unit to be able to locate 
the position of the loading Surface and/or of the transport 
conveyor of a transport conveyor device continuously by 
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means of an image-recording system, where the image data 
serve to determine the position of the loading Surface in 
relation to the machine frame or to the slewable transport 
conveyor 
0011 Positioning of the milled material on the loading 
Surface may be continuously controlled automatically by the 
detection and control system in Such a fashion that the milled 
material is discharged onto the centre of the loading Surface or 
another specifiable point of impingement within the loading 
Surface. 
0012. In practical operation of the milling machine, the 
image-recording system may be disturbed by weather condi 
tions, branches of trees, glare or other influences and may 
thus, at least temporarily, impair the automatic control pro 
CCSS, 

SUMMARY OF THE INVENTION 

0013. It is therefore the object of the invention to specify 
an automotive milling machine as well as a method for dis 
charging milled material of a milling machine which is 
intended to improve the reliability of the control process and 
to avoid controlling errors. 
0014. The invention advantageously specifies for the 
detection and control unit to comprise an analysis device 
which analyses faults or errors in the image. 
0015. It is preferably specified for the analysis device to 
generate a warning signal or control signal in the event of 
faults or errors. The operator of the milling machine is thus 
alerted in good time to whether a fault or an error in the image 
has been detected so that his attention can be increased in 
particular with regard to monitoring the automatic control 
process. 
0016. The control signal can be used, for example, to stop 
the milling operation or to generate an emergency-stop sig 
nal. 
0017. It may in particular be specified for the analysis 
device to comprise a frozen-image detection device which 
monitors the failure or an alteration over time of the image 
signals of the image pixels of the digital image. 
0018. The operator is thus informed immediately in the 
event of a failure of the image signals or in the event of the 
image signals freezing, or there is a direct intervention in the 
controller of the milling machine. 
0019. The frozen-image detection device may monitor the 
alteration over time of all or of apart of the image pixels of the 
digital image. 
0020. The frozen-image detection device may also moni 
tor the alteration over time of a mark present in the image 
field, said mark being alterable in a defined fashion. In this 
design, the mark is arranged, for example, in a fixed position 
relative to the machine frame or in a fixed position relative to 
the transport conveyor in such a fashion that it is detected by 
the image-recording system. In this arrangement, the mark is 
designed in a defined fashion so as to enable the image 
recording system to identify and monitor the mark. 
0021. The defined mark may alter its appearance over 
time, for example, by means of rotation so that, in the event of 
a stoppage of the rotating movement, a frozen image can be 
detected. This is useful in particular if neither the milling 
machine nor the transport vehicle is in motion. 
0022. The frozen-image detection device may alterna 
tively also compare the digital image of two sensors pointed 
at the same image field and, as a minimum, detect a frozen 
image in the event that one of the two images freezes. 
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0023. A preferred embodiment specifies for the analysis 
device to monitor image pixels for unchanging image infor 
mation and to issue a warning signal or a control signal if a 
part of the image information remains unchanged over a 
specifiable period of time. 
0024. It may additionally be specified, independent of the 
frozen-image detection, for the analysis device to detect, by 
means of a mark present in the image field, an undesirable 
change in position of the no less than one sensor of the 
image-recording system relative to the machine frame or 
relative to the transport conveyor. Said mark may differ from 
the mark for frozen-image detection. If the mark is not located 
in a specified position within the image field, it may be con 
cluded that the sensor or the image-recording system, respec 
tively, has altered its original position, for example, as a result 
of a collision with an object, and that the image field no longer 
detects the originally specified image field. 
0025. According to an additional further development of 
the invention, it is specified for the analysis device, for the 
detection of glare, to monitor the presence of a maximum 
signalin, as a minimum, apart of the image pixels and to issue 
a warning signal or a control signal in case of glare. 
0026. In this arrangement, an electronic or optical dim 
ming of the sensor may be effected in case of glare. 
0027. An alternative embodiment specifies for the detec 
tion and control unit, in case of glare, to pivot the sensor by a 
Small angular amount without significantly changing the 
image field detected. 
0028. Furthermore, the image data may be analysed to the 
effect of determining how and to which extent the loading 
Surface is filled. Controlling the conveying speed and/or the 
position of the discharge end of the transport conveyor or the 
point of impingement of the milled material, respectively, 
relative to the loading surface enables uniform loading of the 
loading Surface. The filling condition on the loading Surface 
may be detected and analysed by an image-recording system, 
and the conveying speed and/or the position of the discharge 
end of the transport conveyor relative to the loading Surface 
may be continuously controlled in order to load the loading 
Surface uniformly and/or in accordance with a specified load 
ing programme. 
0029. According to the method according to the invention, 

it is specified that, for discharging worked-offmilled material 
of an automotive milling machine onto a loading Surface of a 
transport vehicle, in which the milling machine is controlled 
for the travelling and milling operation, the milled material 
worked off by a working drum is discharged onto the loading 
surface of a transport vehicle by means of a slewable transport 
conveyor, where the alterable position of the loading surface 
of the transport vehicle relative to the machine frame or 
relative to the transport conveyor is continuously monitored 
by a detection and control unit comprising an image-record 
ing system which is used to continuously generate no less 
than one digital image of, as a minimum, the loading Surface. 
0030. It may be specified that, for detection of a partial 
fault in the image, a group of connected image pixels is 
monitored for unchanging image information, and a warning 
signal or a control signal is issued if a part of the image 
information, for example, a group of connected image pixels, 
remains unchanged over a specifiable period of time or that 
temporary faults or errors of the image information are analy 
sed by detecting a field of connected image pixels and/or the 
focusing status of the same and/or the direction of movement 
of the connected image pixels inside the image field. 
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0031 Hereinafter, embodiments of the invention are illus 
trated in more detail with reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032. The following is shown: 
0033 FIG. 1 a forward-loading road milling machine, 
0034 FIG. 2 a rearward-loading road milling machine, 
0035 FIG.3 a top view of a milling machine according to 
FIG. 1, and 
0036 FIG. 4 a circuit diagram of the controller and the 
image-recording system. 

DETAILED DESCRIPTION 

0037 FIG. 1 depicts a milling machine using as an 
example a forward-loading road milling machine 1a. The 
road milling machine 1 comprises a machine frame 2 which is 
Supported by a chassis 4 comprised of for example, tracked 
ground-engaging units or wheels, said chassis 4 being con 
nected to the machine frame 2 via no less than three height 
adjustment devices in the form of lifting columns 5. As can be 
inferred from FIG. 1, the embodiment specifies four lifting 
columns 5 which can be used to bring the machine frame 2 
into a specifiable plane extending preferably parallel to the 
road Surface 6 which Supports the tracked ground-engaging 
units or wheels of the chassis 4. 
0038. The road milling machine shown in FIG. 1 com 
prises, in longitudinal direction of the milling machine 1a, a 
Working drum 22 between the tracked ground-engaging units 
of the chassis 4. 
0039. The milling machines 1a, 1b may comprise tracked 
ground-engaging units and/or wheels. The working drum 
may be adjustable in height via the lifting columns 5 support 
ing the machine frame 2 or relative to the machine frame 2. 
0040. Other designs of a milling machine 1b may also 
exhibit the working drum 22, for example, at the height of the 
rear tracked ground-engaging units or wheels of the chassis 4. 
0041. The transport conveyor device with no less than one 
transport conveyor 11, 12 for transporting away the milled-off 
milled material may also be arranged at the front end 7 or rear 
end 8 of the milling machine 1a, 1b. 
0042 FIG. 2 depicts a rearward-loading milling machine 
1b as an example in which the transport vehicle 10 drives 
behind the milling machine in reverse travel. 
0043 Provided that sufficient space is available on the side 
next to the milling machine 1a, 1b, the transport vehicle 10 
may also be moved next to the milling machine 1 in forward 
travel as shown in FIG. 3. The directions of travel of the 
respective vehicles in FIGS. 1 to 3 are indicated by arrows. 
0044. In the embodiment shown in FIG. 1, the milled 
material milled offby the working drum 22 is discharged onto 
the loading surface 15 of the transport vehicle 10 via a first 
permanently installed transport conveyor 11 of the transport 
conveyor device which transfers the milled material 14 onto a 
second slewable transport conveyor 12. As a result of the 
speed of the transport conveyor 12, the milled material 14 is 
not discharged immediately at the end of the transport con 
veyor 12, but the milled material follows a parabolic trajec 
tory so that the point of impingement 16 on the loading 
surface 15 is located at a distance from the free end 13 of the 
transport conveyor 12. The transport conveyor 12 may be 
slewed from a neutral position to the left or to the right via 
piston-cylinder units 18 in order to be able to discharge the 
milled material 14 onto the loading surface 15 even when 
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cornering or in the event of the transport vehicle 10 driving in 
an offset track. In addition, the vehicle driver of the milling 
machine 1a, 1b can adjust the elevation angle of the transport 
conveyor 12 by means of a piston-cylinder unit 20. The eleva 
tion angle has an influence on the parabolic trajectory of the 
milled material 14 and on the position of the point of impinge 
ment 16, as has the conveying speed of the transport conveyor 
12. 

0045. The currently adjusted elevation angle about a hori 
Zontal first axis 21 or slewing angle about a vertical second 
axis 23, respectively, is reported to a detection and control 
system 24 which additionally comprises no less than one 
image-recording system 28 comprising no less than one sen 
Sor 26, or is connected to the same, where said sensor 26 
continuously detects the position of the loading surface 15 
and/or of the transport conveyor 12. Said no less than one 
sensor 26 may be arranged, for example, at the milling 
machine 1a, 1b, at the end facing the transport conveyor 12, 
and/or at the free end 13 of the transport conveyor 12. Fur 
thermore, the sensor 26, preferably an image sensor, may be 
arranged below or, as shown in the Figures, above the trans 
port conveyor 12, as well as laterally on both sides of the 
transport conveyor 12. 
0046. The detection and control unit 24 continuously 
detects the position of the loading surface 15 and/or of the last 
or single transport conveyor 12 as seen in the direction of 
transport by means of an image-recording system 28 or a 
non-optical electronic positioning system which Supplies 
data for determining the position of the loading surface 15 in 
relation to the machine frame 2 or to the transport conveyor 
12. The no less than one digital image 48 provided by the 
image-recording system 28 may be evaluated by image-anal 
ysing methods which are known for themselves. 
0047. The detection and control unit 24 may be integrated 
into the controller3 for the travelling and milling operation or 
may, as a minimum, be connected to the same in order to, 
should the need arise, also obtain data on the travel speed 
and/or a detected steering angle of the milling machine 1a, 1b 
and the conveying speed of the transport conveyor 12. 
0.048. The detection and control unit 24 locates the alter 
able position of the loading surface 15 of the transport vehicle 
10 and of the transport conveyor 12 relative to the machine 
frame 2, and can continuously and automatically control posi 
tioning of the point of impingement 16 of the milled material 
14 via the slewing angle and/or the elevation angle and/or the 
conveying speed of the transport conveyor 12 so that the 
discharged milled material 14 impinges, as a minimum, 
within the loading surface 15. Alternatively, the alterable 
position of the loading surface 15 of the transport vehicle 10 
may also be continuously located relative to the transport 
conveyor 12 in order to perform the preferably automatic 
control process. 
0049. To improve the reliability of the control process and 
to avoid controlling errors, the detection and control unit 24 
comprises an analysis device 40 which analyses faults or 
errors in the digital image 48 which is generated by the 
image-recording system 28 comprising no less than one sen 
Sor 26. 

0050. The image-recording system 28 may be faulty as a 
result of weather conditions, for example, as a result of dis 
turbing branches of trees, as a result of glare or also as a result 
of electricity and system failure so that the automatic control 
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of the machine and especially the automatic slewing angle 
control of the transport conveyor 12 may thus be impaired at 
least temporarily. 
0051. The analysis device 40 can analyse the image pixels 
of the digital image 48 generated by the sensor 26 and, in case 
of faults or errors detected, generate a warning signal or 
control signal 46 which can directly influence the controller3. 
or generate an audible or visual warning signal, for example, 
on a screen 44 which displays the digital image 48 for the 
operator of the milling machine 1. 
0052. In case of a warning signal, the attention of the 
operator can be brought about so that the operator can exam 
ine and monitor the automatic control process in the presence 
of a warning signal 46. 
0053 Alternatively, there can also be a direct intervention 
in the controller 3 via a control signal 47 generated by the 
analysis device 40 in order to, for example, stop the milling 
operation or in order to stop the transport conveyor 12 or in 
order to generate an emergency-stop signal. 
0054 The analysis device 40 may additionally be con 
nected to a frozen-image detection device 42 which monitors 
the failure or an alteration over time of the image signals of 
the image pixels of the sensor 26 in the digital image 48. 
0055. The frozen-image detection device 42 may also 
monitor the alteration over time of a mark 50 present in the 
image field of the digital image 48 and alterable in a defined 
fashion. Said mark 50 is intended to change over time in a 
specified rhythm so that a frozen image can be identified if 
said change of the mark 50 in the defined section of the image 
field does not occur. 

0056. In case of the presence of two sensors 26 pointed at 
the same image field, a frozen image can also be detected if 
the image 48 of the one sensor differs from the other image 48 
of the second sensor. 

0057 Independent of the frozen-image detection, the 
analysis device 40 can also monitor the image pixels of the no 
less than one sensor 26 for unchanging image information 
and issue a warning signal or control signal 46 if a part of the 
image information remains unchanged over a specified 
period of time. This may occur, for example, if a part of the 
sensor 26 is covered by, for example, a leaf. 
0.058 Independent of the frozen-image detection, it can 
further be analysed by means of the analysis device 40 as to 
whether there is an undesirable change in position of the no 
less than one sensor 26. 

0059. To this end, a second mark52 may be specified in the 
image field of the image 48, the coordinates of which inside 
the image field are monitored. If the position of the mark 52 
within the image field changes, the image sensor 26 has 
changed as a result of for example, a collision with an object. 
0060. It is understood that the alterable mark 50 may also 
be used for these purposes. 
0061 The marks 50, 52 are arranged in a fixed position at 
the machine frame or in a fixed position relative to the trans 
port conveyor in such a fashion that they are detected by the 
image field of the sensor 26. 
0062. The analysis device 40 may also determine, inde 
pendent of the frozen-image detection, whether the image 
recording system 28 is Subject to glare. To this end, the 
maximum signal is monitored, as a minimum, in a part of the 
image pixels, with the analysis device 40 issuing a warning 
signal or a control signal in the event of glare. 
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0063 
the sensor 26 or of the optical system of the same may be 
effected. 
0.064 
glare for the sensor 26 or a camera in which the sensor 26 is 
contained, respectively, to be pivoted about a small angular 
amount without significantly changing the image field 
detected. Said minor pivoting movement may be reversed 
again in case of discontinuation of the glare. 
0065. It is understood that the sensor 26 or the image 
recording system 28, respectively, is illustrated only sche 
matically in the position above the transport conveyor 12 
shown in FIGS. 1 and 2, and that the image-recording system 
28 may also be arranged below or to the side of the transport 
conveyor 12 or at the milling machine 1. 
0066 Specifically, two image-recording systems 28 may 
also be arranged on both sides of the transport conveyor 12 
and/or an image-recording system 28 may be used which 
comprises a stereo camera. 
0067. In this arrangement, the camera systems may com 
prise optics (fisheye lenses) which allow an angle of view of 
up to 180° or are provided with lenses featuring an alterable 
focal length. 
0068. The detection and control unit 24 may also under 
take the task of filling the loading surface 15 in a uniform 
fashion. A loading program may be specified for this purpose 
in order to load the loading surface 15 in accordance with a 
predetermined program. In this context, the filling condition 
on the loading surface 15 may be detected and analysed by the 
image-recording system 28 in order to continuously control 
the conveying speed and/or the position of the discharge end 
13 of the transport conveyor 12 relative to the loading surface 
15. 

1-15. (canceled) 
16. An automotive milling machine comprising: 
a machine frame; 
a working drum Supported from the machine frame for 

milling off milled material; 
a transport conveyor arranged to receive the milled mate 

rial milled off by the working drum and to discharge the 
milled material onto a loading Surface of a transport 
vehicle, the transport conveyor being slewable relative 
to the machine frame; and 

a detection and control unit arranged to monitor an alter 
able position of the loading Surface of the transport 
vehicle, the detection and control unit including: 
an image-recording system including at least one sensor 

configured to generate at least one digital image of the 
loading Surface; and 

an analysis system configured to detect an error in the at 
least one digital image. 

17. The automotive milling machine of claim 16, wherein: 
the analysis system is configured to generate a warning 

signal in the event of an error. 
18. The automotive milling machine of claim 16, wherein: 
the analysis system is configured to generate a control 

signal in the event of an error. 
19. The automotive milling machine of claim 16, wherein: 
the analysis system includes a frozen-image detection sys 

tem. 

20. The automotive milling machine of claim 19, wherein: 
each image of the at least one digital image is made up of a 

plurality of image pixels; and 

In case of glare, an electronic or optical dimming of 

Alternatively, it may also be specified in the event of 
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the frozen-image detection system is configured to monitor 
an alteration over time of at least a part of the image 
pixels of the at least one digital image. 

21. The automotive milling machine of claim 19, wherein: 
the frozen-image detection system is configured to monitor 

an alteration over time of a mark present in an image 
field of the digital image. 

22. The automotive milling machine of claim 16, wherein: 
each image of the at least one digital image is made up of a 

plurality of image pixels; and 
the analysis system is configured to monitor at least a part 

of the image pixels of the at least one digital image for 
unchanging image information, and to issue a signal in 
the event a part of the image information remains 
unchanged over a specifiable period of time. 

23. The automotive milling machine of claim 16, wherein: 
the analysis system is configured to detect an undesirable 

change in position of the at least one sensor by detecting 
a mark present in an image field of the at least one digital 
image. 

24. The automotive milling machine of claim 16, wherein: 
each image of the at least one digital image is made up of a 

plurality of image pixels; and 
the analysis system is configured to monitor a presence of 

a maximum signal in at least a part of the image pixels, 
and to issue a signal in the event of glare. 

25. The automotive milling machine of claim 24, wherein: 
the detection and control unit is configured to provide a 

dimming of the at least one sensor in the event of glare. 
26. The automotive milling machine of claim 24, wherein: 
the detection and control unit is configured to pivot the at 

least one sensor by a small angular amount without 
significantly changing an image field of the at least one 
digital image in the event of glare. 

27. The automotive milling machine of claim 16, further 
comprising: 

a controller configured to control travelling operation and 
milling operation of the milling machine, the controller 
being operably associated with the detection and control 
unit. 

28. The automotive milling machine of claim 16, in com 
bination with at least one transport vehicle movable indepen 
dently of the milling machine and positionable relative to the 
milling machine such that the milled material worked off by 
the milling machine is dischargeable onto the transport 
vehicle. 

29. A method of discharging worked-off milled material of 
an automotive milling machine onto a loading Surface of a 
transport vehicle, the method comprising: 

(a) working offmilled material with a working drum of the 
milling machine; 

(b) transporting the milled material from the working drum 
with a transport conveyor and discharging the milled 
material from the transport conveyor onto the loading 
Surface of the transport vehicle, the transport conveyor 
being slewable relative to a machine frame of the milling 
machine; 

(c) continuously monitoring an alterable position of the 
loading surface of the transport vehicle relative to at least 
one of the machine frame and the transport conveyor by 
continuously generating at least one digital image of the 
loading Surface with an image-recording system; and 

(d) analyzing the at least one digital image with an analysis 
system to detect errors in the at least one digital image. 
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30. The method of claim 29, further comprising: 
in the event of detection of an error in step (d), generating 

a warning signal. 
31. The method of claim 29, further comprising: 
in the event of detection of an error in step (d), generating 

a control signal. 
32. The method of claim 29, wherein: 
step (d) further comprises monitoring an alteration over 

time of at least a part of a plurality of image pixels of the 
at least one digital image to detect a frozen image. 

33. The method of claim 29, further comprising: 
step (d) further comprises detecting a frozen image by 

monitoring an alteration over time of a mark present in 
an image field of the at least one digital image, the mark 
being alterable in a defined manner. 

34. The method of claim 29, further comprising: 
controlling travelling operation and milling operation of 

the milling machine with a controller; and 
receiving signals from the analysis system in the controller. 

k k k k k 


